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(54) Title: QUANTUM WIRE FIELD-EFFECT TRANSISTOR AND METHOD OF MAKING THE SAME 




(57) Abstract 

A quantum wire field-effect transistor having at least one, one-dimensional, elongate conducting means (14) provided by at least 
a first semiconductor layer surrounded by a wider bandgap, second semiconductor layer (12, 13) and extending between source (24) and 
drain (26) electrodes, and in which there is provided a backgate structure (8, 23) to control conduction in the elongate conducting means. 
The transistor can be a Single Electron Transistor (SET) wherein two adjacent gate electrodes (16, 18) are disposed over the elongate 
conducting means to induce a quantum dot (17) therein, and it can be made with the first semiconductor layer material as GaAs and the 
second semiconductor layer material as A 1 GaAs. A method of making the transistor involves preferentially growing the elongate conducting 
means at the bottom of a groove (6) lined with the second semiconductor layer (12). 
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Box 111 TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet) 



The Abstract should be amended as follows; 

A quantum wire field-effect transistor having at least one, one-dimensional, 
elongate conducting means (14) provided by at least a first semiconductor 
layer surrounded by a wider bandgap, second semiconductor layer (12,13) and 
extending between source (24) and drain (26) electrodes, and in which there 
is provided a backgate structure (8,23) to control conduction in the 
elongate conducting means. The transistor can be a Single Electron Transistor 
(SET) wherein two adjacent gate electrodes (16,18) are disposed over the 
elongate conducting means to induce a quantum dot (17) therein, and it can 
be made with the first semiconductor layer material as GaAs and the second 
semiconductor layer material as AlGaAs. A method of making the transistor 
involves preferentially growing the elongate conducting means at the bottom 
of a groove (6) lined with the second semiconductor layer (12). 
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International application No. 
PCT/GB99/01940 


International filing date (day/month/year) 
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International Patent Classification (IPC) or national classification and IPC 
H01L29/772 
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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 7 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 5 sheets. 
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VI 
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Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



Date of submission of the demand 
10/01/2000 


Date of completion of this report 
14.09.2000 


Name and mailing address of the international 
preliminary examining authority: 

^ European Patent Office 
/fift D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: 449 89 2399 - 4465 


Authorized officer ^^555^^ 

Morvan, D (l jj^ )) 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB99/01 940 

t. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1-15 as originally filed 

Claims, No.: 

1 -32 with telefax of 1 2/07/2000 

Drawings, sheets: 

1 -4 as bnginally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed {Rule 70.2(c)): 

see separate sheet 

4. Additional observations, if necessary: 
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V. Reasoned statement und r Artie! 35(2) with regard to novelty, inv ntiv step r industrial 
applicability; citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


2, 3, 5, 7, 9-12, 15-18, 21-23, 27-32 




No: 


Claims 


1,4,6, 8, 13, 14, 19, 20, 24,25, 26 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-32 


Industrial applicability (IA) 


Yes: 


Claims 


1-32 




No: 


Claims 





2, Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Regarding Section I: 

The set of claims does not meet the requirements of Article 34(2)(b) PCT since 
the amendments dated 12/07/00 introduce subject-matter which extends beyond 
the content of the application as filed: 

1 . The feature of claim 1 stating that at least one wall of the groove is a 
substantially planar surface, roughly parallel to a crystal plane on which the 
growth rate of the first semiconductor is substantially zero cannot be 
derived as such from the original application documents, see in this respect 
figures 2 and 4 and original page 8 f lines 13-25 and original page 12, line 
16 - original page 13, line 3, also the additional feature of dependent claim 
2, which is properly supported by the original disclosure. 

A similar objection applies to the corresponding method feature of 
independent claim 19. 

2. There is no basis either in the original application documents for the feature 
of claim 31 disclosing that quantum dots are provided in the vicinity of 
stops due to the thickness variations of the conducting means due to the 
off axis groove (it is noted that this would hold true if "steps" was used in 
lieu of "stops"), see in this respect page 9, lines 15-24. 

Therefore, the amendments at issue have been disregarded under Rule 70.2(c) 
PCT. 



Regarding Section V: 

1 . Reference is made to the following documents: 
D1 =EP-A-0 386 388 

D2 = Applied Physics Letters, vol. 66, no. 12, 20 March 1995, pages 1506- 
1508 (Wang et al.) 



Form PCT/Separate Sheet/409 (Sheet 1 ) (EPO- April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/GB99/01940 

EXAMINATION REPORT - SEPARATE SHEET 



D3 = WO 89/07832 
D4 = GB-A-2 295 272 

2. Insofar as the present text can be understood (see item VIII in this respect), 
the subject-matter of claims 1, 4, 6 r 8, 13, 14, 19, 20, 24, 25 and 26 is not 
new in the sense of Rule 64(1 )-(3) PCT, contrary to the requirements of 
Article 33(2) PCT: 

2.1 D1 (see column 5, line 3 - column 8, line 50 and figures 1-3) discloses a 
transistor having at least one, substantially one-dimensional, elongate 
conducting means provided by at least a first semiconductor (InGaAs (14; 
24; 34, 36, 38)) substantially surrounded by a second semiconductor (InP 
(13, 15; 23, 25; 33, 35, 37, 39)) and extending between source and drain 
electrodes (26, 28), and in which there is provided at least one further 
electrode (27) in a region of the elongate conducting means. Furthermore, 
in the transistor of D1, the elongate conducting means are provided in a 
groove within the second semiconductor (adjacent the groove in the 
substrate). 

Hence, all the features of claim 1 are known from D1 and the subject-matter 
of claim 1 is not new. 

2.2 Furthermore, D1 (see the aforementioned passages, in particular figures 

1 (A)- 1 (G) and the corresponding text) also discloses a method of providing 
a transistor comprising providing a substantially one-dimensional elongate 
conducting means by providing a first semiconductor (InGaAs (14; 24; 34, 
36, 38)) substantially surrounded by a second semiconductor material (InP 
(13, 15; 23, 25; 33, 35, 37, 39)), providing a source electrode (26) at a first 
end region of the conducting means and a drain electrode (28) at a second 
end region of the conducting means, and providing at least one further gate 
electrode (27) in a region of the conducting means. Furthermore, the 
elongate conducting means are provided by creating a groove of second 
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semiconductor and subsequently providing the first semiconductor in the 
groove. 

Hence, all the features of independent claim 19 are also known from D1 . 
Therefore, the subject-matter of independent claim 19 is not new either. 

2.3 The additional features of dependent claims 4, 6, 8, 13, 14, 20, 24, 25 and 
26 are moreover obviously also known from D1 . 

Therefore, the subject-matter of dependent claims 4, 6, 8, 13, 14, 20, 24, 25 
and 26 is not new either. 



3. Furthermore, insofar as the present text can be understood (see item VIII in 
this respect), the subject-matter of claims 2, 3, 5, 7, 9-12, 15-18, 21-23 and 
27-32 does not involve an inventive step in the sense of Rule 65(1 )-(2) 
PCT, contrary to the requirements of Article 33(3) PCT: 

3.1 The additional features of dependent claims 2 and 3 would be regarded by 
the skilled person as relating to a mere technical equivalent to the 
configuration dealt with in D1 f which can be interchanged with said 
configuration where circumstances make it desirable, see in this respect 
D1, column 6, lines 29-35 and D2, page 1507, right-hand column, line 30 - 
page 1508, left-hand column, line 13 and figure 4(a). 

Hence, the subject-matter of dependent claims 2 and 3 lacks the required 
inventive step. 

3.2 The additional features of dependent claims 5, 7, 9-12, 15-18, 21-23 and 
27-32 are merely normal design options in the present technical field (see in 
particular eg. D2, page 1507, right-hand column, line 30 - page 1508, left- 
hand column, line 13 and figure 4(a) regarding claims 5, 15-17, 22 and 27- 
29; D3, page 5, line 2 - page 6, line 17 and figures 1-4 regarding claims 9, 
18 and 30-32; D4, page 2, line 25 - page 4, line 15, also page 6, line 4 - 
page 8, line 9 and figures 1- 3 regarding claims 9, 10, 12, 18, 21 and 32). 
The skilled person would therefore readily consider including said features 
in the transistor and method known from D1. 
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Hence, the subject-matter of dependent claims 5, 7, 9-12, 15-18, 21-23 and 
27-32 does not involve an inventive step. 

4. The subject-matter of claims 1 -32 is obviously susceptible of industrial 
application. 

Regarding Section VII: 

The following deficiencies have been noticed: 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant 
background art disclosed in the documents D1 to D4 is not mentioned in the 
description, nor are these documents identified therein. 

2. The features of the claims are not provided with reference signs placed in 
parentheses, contrary to the requirements of Rule 6.2(b) PCT. 

Regarding Section VIII: 

The present application does not meet the requirements of Article 6 PCT 
because claims 1, 2, 5, 12, 13, 19, 22, 29 and 31 are not clear: 

1. The term "substantially" used in claims 1, 2, 5, 13, 19, 22, 29 and 31 is 
vague and unclear and leaves the reader in doubt as to the meaning of the 
technical features to which it refers, thereby rendering the definition of the 
subject-matter of said claims unclear. 

A similar objection applies to the unclear expression "hard confinement" 
used in claim 12 and to the term "stops" used in claim 31. 
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